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Abstract. For the constant-roll tachyon inflation, we derive the analytical expres-
sions for the scalar and tensor power spectra, the scalar and tensor spectral tilts and
the tensor to scalar ratio to the first order of 1 by using the method of Bessel function
approximation. The derived ns-r results are compared with the observations, we find
that only the constant-roll inflation with ηH being a constant is consistent with the
observations and observations constrain the constant-roll inflation to be slow-roll infla-
tion. The tachyon potential is also reconstructed for the constant-roll inflation which
is consistent with the observations.
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1 Introduction
The temperature and polarization measurements on the cosmic microwave background
anisotropy gave the constraints ns = 0.9645±0.0049 (68% C.L.) and r0.002 < 0.10 (95%
C.L.) [1]. If we take the number of e-folds before the end of inflation when a pivotal scale
such as k∗ = 0.002 Mpc−1 crosses out the horizon, N = 60, the observational results
suggest that ns = 1− 2/N . This attractor behavior can be realized in chaotic inflation
with the quadratic potential [2], the T model with the potential V (φ) ∼ tanh2n(φ/√6)
[3], the E model with the potential V (φ) ∼ tanh2n(φ/√6) [4], the Starobinsky R+R2
model [5], Higgs inflation with the nonminimal coupling ξφ2R in the strong coupling
limit ξ  1 [6, 7], and a class of inflationary models with nonminimal coupling to
gravity [8–10]. The attractor behavior also motivates the parametrization of ns and r
by N and the reconstruction of the inflationary potential with the parametrization by
neglecting higher order corrections [11–31].
If the potential of the inflaton is very flat, then the inflaton almost stops rolling
and the ultra slow-roll inflation is reached [32, 33]. In the ultra slow-roll inflation, a
large curvature perturbation at small scales may be generated to seed primordial black
holes [34, 35]. More generally, the constant-roll inflation which includes the slow-roll
inflation with small rate of roll and the ultra slow-roll inflation was proposed [36, 37].
In constant-roll inflation, there exists exact solutions, the curvature perturbation may
evolve on super-horizon scales and the non-Gaussianity consistency relation may be
violated, so the constant-roll inflation has richer physics than the slow-roll inflation
does. For the constant-roll or ultra slow-roll inflation, the slow-roll condition is violated,
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the curvature perturbation may not remain to be a constant outside the horizon [36–
39], so the slow-roll results cannot be applied [33, 36, 37, 40, 41]. For more discussion
on constant-roll inflation and its reconstruction, please see [42–52].
Apart from a canonical scalar field to drive inflation, an effective scalar field with
nonlinear kinetic term which describes the tachyon condensate in the string theory
[53, 54] also drives inflation and gives the almost scale invariant power spectrum [55–
62]. The reconstruction of the tachyon potential with the help of the parametrization
of ns and r in terms of N was discussed in [63–65]. The rolling tachyon on unstable
D-branes in bosonic and superstring theories may behave as dark matter at late time
[54], so it naturally leads the transition from early time inflation to late time matter
domination. Since the current observation is still unable to address the nature of
scalar field, it is interesting to study tachyon inflation and its physical implications. In
previous studies, tachyon inflation was considered under the slow-roll condition. The
slow-roll condition is violated in the constant-roll inflation when the constant rate of
roll is not small, the power spectra for both the scalar and tensor perturbations derived
under the slow-roll approximation cannot be applied to the constant-roll inflation. In
this paper, we discuss the constant-roll tachyon inflation and derive the analytical
formulae for the power spectra 1. We then use the observational data to constrain the
constant-roll tachyon inflationary models. The reconstruction of the tachyon potential
is also discussed.
The paper is organized as follows. In section 2, we first review the slow-roll
tachyon inflation and introduce four different definitions of slow-roll parameters. The
scalar and tensor perturbations for constant-roll tachyon inflation are then derived. In
section 3, we derive the formulae for the scalar spectral tilt ns and the tensor-to-scalar
ratio r for the four constant-roll inflationary models, and use the observational data to
constrain the models. The reconstruction of the tachyon potential for the model with
constant ηH is presented in section 4. The conclusions are drawn in section 5.
2 Tachyon inflation
We start with the effective action for the rolling tachyon
ST = −
∫
d4x
√−g V (T )√1 + gµν∂µT∂νT . (2.1)
The string motivated potential V (T ) has a global maximum at T = T0 and a mini-
mum V → 0 as T → ∞. Applying the Friedmann-Robertson-Walker metric for the
homogeneous and isotropic spacetime, we get the background equations of motion
H2 =
1
3
V√
1− T˙ 2
, (2.2)
T¨
1− T˙ 2 + 3HT˙ +
V,T
V
= 0. (2.3)
1While this work is in progress, the paper [66] appeared, discussing the power spectrum for one
constant-roll inflationary model.
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where V,T = dV/dT , and we set Mpl = 1/
√
8piG = 1. Combining eqs. (2.2) and (2.3),
we get
H˙ = −3
2
H2T˙ 2. (2.4)
From eq. (2.4), we obtain the acceleration
a¨
a
= H˙ +H2 = H2
(
1− 3
2
T˙ 2
)
. (2.5)
So the occurrence of inflation a¨ > 0 is equivalent to T˙ 2 < 2/3.
2.1 Slow-roll inflation
Under the slow-roll approximations,
T˙ 2  1, (2.6)
|T¨ |  3H|T˙ |, (2.7)
the background equations (2.2) and (2.3) for the tachyon become
H2 ≈ V
3
, (2.8)
3HT˙ ≈ −V,T/V. (2.9)
2.2 Slow-roll parameters
In this subsection, we introduce several different definitions of the slow-roll parameters.
First, we introduce the horizon flow slow-roll parameters [67]
0 =
Ho
H
, (2.10)
i+1 = −d ln |i|
dN
, (2.11)
where Ho is an arbitrary constant. For the tachyon field, the first two slow-roll param-
eters are [61]
1 = − H˙
H2
=
3
2
T˙ 2, (2.12)
2 = −d ln 1
dN
= 2
T¨
HT˙
. (2.13)
By using these slow-roll parameters, the slow-roll conditions (2.6) and (2.7) are ex-
pressed as 1  1 and |2|  1, and inflation ends when 1 = 1. Under the slow-roll
approximations, we also get
1 ≈ 1
2
V 2,T
V 3
, (2.14)
2 ≈ −2V,TT
V 2
+ 3
V 2,T
V 3
. (2.15)
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The remaining number of e-folds N(t) = ln(af/a) before the end of inflation is
N(t) =
∫ tf
t
H(t)dt = ±
√
3
2
∫ Tf
T
H√
1
dT ≈
∫ T
Tf
V 2
V,T
dT, (2.16)
where the subscript f denotes the end of inflation, and the ± sign is the same as the
sign of T˙ . The last approximation is only valid under the slow-roll conditions.
Next, we introduce the Hubble flow slow-roll parameters [68]
nβH =
2
3H2
(
(H,T )
n−1H(n+1)
Hn
)1/n
, (2.17)
where H(n) = dnH/dT n and extra 1/H2 factor is added for the tachyon field. In terms
of the Hubble flow slow-roll parameters, the two first order slow-roll parameters are
H =
2
3H2
(
H,T
H
)2
= 1, (2.18)
ηH =
2H,TT
3H3
= 21 − 1
2
2. (2.19)
In terms of the slow-roll parameter ηH , the slow-roll condition (2.7) becomes |ηH |  1.
Under the slow-roll condition,
ηH ≈ −1
2
V 2,T
V 3
+
V,TT
V 2
. (2.20)
In analogy with the canonical scalar field, we can also use H¨ to define the slow-roll
parameter
2H = − H¨
2HH˙
= 1 − 1
2
2. (2.21)
In terms of the slow-roll parameter 2H , the slow-roll condition (2.7) becomes |2H |  1.
Under the slow-roll condition,
2H ≈ −
V 2,T
V 3
+
V,TT
V 2
. (2.22)
Finally, we introduce the slow-roll parameter
2T = − T¨
HT˙ (1− T˙ 2) = −
2
2(1− 21/3) . (2.23)
In terms of the slow-roll parameter 2T , the slow-roll condition (2.7) becomes |2T |  1.
For a very flat potential with V,T ≈ 0, we get the ultra slow-roll inflation and 2T ≈ 3,
so this slow-roll parameter is useful for the discussion of the ultra slow-roll inflation.
Note that when slow-roll condition is satisfied, all the slow-roll parameters introduced
above are small.
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2.3 The scalar perturbation
In the flat gauge δT (x, t) = 0, the gravitational action
∫
d4x
√−gR plus the action
(2.1) for the curvature perturbation δgij = a
2(1 + 2ζ)δij becomes
S = −3
2
∫
d4x
[
aT˙ 2(∂iζ)
2 − a3 T˙
2
1− T˙ 2 ζ˙
2
]
. (2.24)
Using the canonically normalized field v = zζ, the action (2.24) becomes
S =
∫
d3xdτ
1
2
[
v′2 − c2s(∂iv)2 +
z′′
z
v2
]
, (2.25)
where the prime denotes the derivative with respect to the conformal time τ =
∫
dt/a,
the effective sound speed is c2s = 1− T˙ 2 = 1− 21/3 [59], and
z =
√
3aT˙√
1− T˙ 2
. (2.26)
Now we introduce the quantum operator
vˆ(τ, ~x) =
∫
d3k
(2pi)3
[
vk(τ)aˆke
i~k·~x + v∗k(τ)aˆ
†
ke
−i~k·~x
]
, (2.27)
with the creation and annihilation operators satisfying the standard commutation re-
lations [
aˆk, aˆ
†
k′
]
= (2pi)3δ3(~k − ~k′),
[aˆk, aˆk′ ] =
[
aˆ†k, aˆ
†
k′
]
= 0,
(2.28)
By choosing the Bunch-Davies vacuum aˆk|0〉 = 0 [69], the mode function vk obeys the
normalization condition
v′kv
∗
k − vkv∗k ′ = −i. (2.29)
Varying the action (2.25), we obtain the Mukhanov-Sasaki equation for the mode
function vk(τ) [61],
v′′k +
(
c2sk
2 − z
′′
z
)
vk = 0. (2.30)
To solve the Mukhanov-Sasaki equation (2.30), we need the expression for z′′/z.
In terms of the slow-roll parameters, from the definition (2.26) we get [61]
z˙ = Hz
[
1 +
2
2
(
1− 2
3
1
)] , (2.31)
z¨
z
= −H21
[
1 +
2
2
(
1− 2
3
1
)]+H2 [1 + 2
2
(
1− 2
3
1
)]2 + H2221
3
(
1− 2
3
1
)2 + H˙22 (1− 2
3
1
) ,
(2.32)
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z′ =
dz
dτ
= az˙ = aHz
[
1 +
2
2
(
1− 2
3
1
)] , (2.33)
z′′
z
= a2H2
[
1 +
2
2
(
1− 2
3
1
)]+ a2z¨
z
. (2.34)
From the relation
d
dτ
(
1
aH
)
= −1 + 1, (2.35)
we get
1
aH
= −τ +
∫
1dτ = τ(1 − 1)−
∫
τ
1
dτ
dτ, (2.36)
Since
˙1 = H12, (2.37)
so ∫
τ
1
dτ
dτ =
∫
aHτ12dτ. (2.38)
If 2 is a constant, to the first order of 1, we get∫
τ
1
dτ
dτ = −2
∫
1dτ. (2.39)
Combining eqs. (2.36) and (2.39), to the first order of 1, for constant 2 we obtain
[41]
1
aH
≈
(
1
1− 2 − 1
)
τ. (2.40)
Because we derive the above result with the relation (2.37), so the result (2.40) does
not apply to the case with 1 being a constant or large. Since we need the relation
(2.40), we assume 2 is a constant and 1 is small in this section for the convenience
of discussion. Substituting eq. (2.40) into (2.34), we can express z′′/z in terms of a
function of the slow-roll parameters 1 and 2 divided by τ
2, and we rewrite eq. (2.30)
as
v′′k +
(
c2sk
2 − ν
2 − 1/4
τ 2
)
vk = 0, (2.41)
where
ν2 =
1
4
+
z′′
z
τ 2 (2.42)
depends on the slow-roll parameters 1 and 2 only. For the slow-roll inflation, 1 and
2 changes slowly, ν can be approximated as a constant. For the constant-roll inflation,
ν can also be approximated as a constant. For either case, ν is almost a constant, the
solution to eq. (2.41) for the mode function vk is the Hankel function of order ν. If 2
is too large, then from eq. (2.37), we see that ˙1 may not small, and the Bessel function
approximation may break down [41]. Here we don’t consider this issue and leave it
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for future discussion. By matching the Hankel function to the asymptotic plane wave
solution with k → ∞ which is consistent with the normalization condition (2.29), we
get the curvature perturbation on super-horizon scales,
|ζk| = |vk|
z
= 2ν−2
Γ(ν)
Γ(3/2)
[
1
aH
(
1 +
1
1− 2
)] 1
2
−ν
(csk)
−ν/z. (2.43)
On super-horizon scales, k → 0, the curvature perturbation ζ may not remain to be a
constant. In this paper, we focus on the usual situation that the curvature perturbation
remains constant. Therefore, the power spectrum of the scalar perturbation is
Pζ =
k3
2pi2
|ζk|2 = 2
2ν−3
2cs1
[
Γ(ν)
Γ(3/2)
]2(
1 +
1
1− 2
)1−2ν (
H
2pi
)2(
csk
aH
)3−2ν∣∣∣∣∣
csk=aH
.
(2.44)
The amplitude of the scalar perturbation is
As =
22ν−3
cs
[
Γ(ν)
Γ(3/2)
]2(
1− 2 + 1
1− 2
)1−2ν
H2
8pi21
∣∣∣∣∣
csk=aH
. (2.45)
The scalar spectral tilt is
ns − 1 = d lnPζ
d ln k
= 3− 2ν. (2.46)
2.4 The tensor perturbation
For the tensor perturbation δgij = a
2γij, to the second order, the gravitational action
plus the action (2.1) becomes
S =
1
8
∫
d4x
[
a3(γ˙ij)
2 − a(γij,k)2
]
, (2.47)
where γij =
∑
s=+,× e
s
ijγ
s. Following the same procedure as that in the scalar per-
turbation, we introduce the normalized field u = aγ/
√
2, and get eq. (2.41) with v
replaced by u, and ν replaced by µ, where
µ2 =
1
4
+
a′′
a
τ 2, (2.48)
and
a′′
a
= a2H2(2− 1), (2.49)
so the tensor spectrum is
PT = 2
2µ
[
Γ(µ)
Γ(3/2)
]2(
1 +
1
1− 2
)1−2µ(
H
2pi
)2(
k
aH
)3−2µ
. (2.50)
The tensor spectral tilt is
nT =
d lnPT
d ln k
= 3− 2µ. (2.51)
Combining eqs. (2.45) and (2.50), to the first order of 1, we get the tensor to scalar
ratio
r = 22(µ−ν)+4
[
Γ(µ)
Γ(ν)
]2
1. (2.52)
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3 The constant-roll inflationary models
3.1 Constant 2
In this subsection, we consider the case that 2 is a constant and derive the formulae
for ns and r to the first order of 1. From eq. (2.40), to the first order of 1, we get
aH ≈ −1
τ
(
1 +
1
1− 2
)
. (3.1)
Using ˙2 = 0 and combining eqs. (2.32), (2.34), (2.42) and (3.1), to the first order of
1, we obtain
ν ≈ 1
2
|3 + 2|+ (4
3
2 − 422 − 272 − 18)1
6|3 + 2|(2 − 1) , (3.2)
µ ≈ 3
2
+
3 + 2
3(1− 2)1. (3.3)
Substituting eqs. (3.2) and (3.3) into eqs. (2.46) and (2.52), to the first order of 1, we
derive that
ns ≈ 4− |3 + 2|+ (18− 4
3
2 + 4
2
2 + 272)1
3|3 + 2|(2 − 1) , (3.4)
r ≈ 23−|3+2|
(
Γ[3/2]
Γ[|3 + 2|/2]
)2
161. (3.5)
If the slow-roll condition is satisfied, |2|  1, the results become ns = 1− 21− 2 and
r = 161 [59–61, 64], so the results for the slow-roll tachyon inflation are recovered. To
the first order of 1, the result (3.4) is different from that for the canonical scalar field
found in [70].
Since 2 is a constant, from the definition (2.13), we get
1(N) = C exp(−2N), (3.6)
where C is an integration constant. At the end of inflation, N = 0, 1(N) = 1, so
C = 1. Substituting eq. (3.6) into eqs. (3.4) and (3.5), we can calculate ns and r for
the model with constant 2, and the results along with the Planck 2015 constraints [1]
are shown in figure 1. In figure 1, we plot the results by varying 2 with N = 50 and
N = 60, and the black lines denote the results for the model with constant 2. From
figure 1, we see that the model is ruled out by observations at the 3σ C.L.
3.2 Constant 2H
In this subsection, we consider the case that 2H is a constant and derive the formulae
for ns and r to the first order of 1. From eq. (2.21), we have
2 = 2(1 − 2H), (3.7)
˙2 = 4H1(1 − 2H). (3.8)
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Figure 1. The marginalized 68%, 95% and 99.8% confidence level contours for ns and r from
Planck 2015 data [1] and the observational constraints on ns − r for different constant-roll
inflationary models. The solid and dashed lines represent N = 50 and N = 60, respectively.
The green lines denote the model with constant 2T , the black lines denote the model with
constant 2, the red lines denote the model with constant 2H , and the blue lines denote the
model with constant ηH .
Replacing 2 with 2H by the relation (3.7) and using the result (3.8) for ˙2, to the first
order of 1, we get
aH ≈ −1
τ
(
1 +
1
1 + 22H
)
, (3.9)
ν ≈ 1
2
|3− 2H |+ (16
3
2H − 1622H − 212H + 18)1
3|3− 2H |(22H + 1) , (3.10)
µ ≈ 3
2
+
3− 22H
3(1 + 22H)
1. (3.11)
Substituting eqs. (3.10) and (3.11) into eqs. (2.46) and (2.52), to the first order of 1,
we obtain
ns ≈ 4− |3− 22H |+ (−32
3
2H + 32
2
2H + 422H − 36)1
3|3− 22H |(22H + 1) , (3.12)
r ≈ 23−|3−22H |
(
Γ[3/2]
Γ[|3− 22H |/2]
)2
161. (3.13)
In the slow-roll limit, |2H |  1, we get ns = 1 − 41 + 22H and r = 161 which are
consistent with slow-roll results.
Since 2H is a constant, from the definition (2.13) and the condition 1(N = 0) = 1,
we derive that
1(N) =
2H exp(22HN)
exp(22HN) + 2H − 1 , (3.14)
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Substituting eq. (3.14) into eqs. (3.12) and (3.13), we can calculate ns and r for the
model with constant 2H , and the results along with the Planck 2015 constraints [1]
are shown in figure 1. In figure 1, we plot the results by varying 2H with N = 50 and
N = 60, and the red lines denote the results for the model with constant 2H . From
figure 1, we see that the model is inconsistent with the observations at the 1σ C.L.
3.3 Constant ηH
For the model with constant ηH , from eqs. (2.19) and (2.37) we get
2 = 2(21 − ηH), (3.15)
˙2 = 8H1(21 − ηH). (3.16)
Replacing 2 with ηH by the relation (3.15) and using the result (3.16) for ˙2, to the
first order of 1, we have
aH ≈ −1
τ
(
1 +
1
1 + 2ηH
)
, (3.17)
ν ≈ 1
2
|3− 2ηH |+ (16η
3
H − 40η2H − 15ηH + 27)1
3|3− 2ηH |(2ηH + 1) , (3.18)
µ ≈ 3
2
+
3− 2ηH
3(1 + 2ηH)
1. (3.19)
Substituting eqs. (3.18) and (3.19) into eqs. (2.46) and (2.52), to the first order of 1,
we obtain
ns ≈ 4− |3− 2ηH |+ (−32η
3
H + 80η
2
H + 30ηH − 54)1
3|3− 2ηH |(2ηH + 1) , (3.20)
r ≈ 23−|3−2ηH |
(
Γ[3/2]
Γ[|3− 2ηH |/2]
)2
161. (3.21)
In the slow-roll limit, |ηH |  1, we get ns = 1 − 61 + 2ηH and r = 161 which are
consistent with the slow-roll results. The slow-roll results are the same as those for the
canonical scalar field with ηV .
Since ηH is a constant, from the definition (2.13) and the condition 1(N = 0) = 1,
we get
1(N) =
ηH exp(2ηHN)
2 exp(2ηHN) + ηH − 2 , (3.22)
Plugging eq. (3.22) into eqs. (3.20) and (3.21), we express ns and r in terms of N and
ηH . By choosing N = 50 and N = 60, and varying the value of ηH , we plot the ns-r
results for the model with constant ηH along with the Planck 2015 constraints [1] in
figure 1. The blue lines denote the ns-r results for the model with constant ηH . From
figure 1, we see that the model with constant ηH is consistent with the observations at
1σ C.L. For N = 50, the 1σ constraint is −0.0135 < ηH < −0.0036, the 2σ constraint
is −0.0184 < ηH < 0.006, and the 3σ constraint is −0.0207 < ηH < 0.0146. For
N = 60, the 1σ constraint is −0.018 < ηH < −0.006, the 2σ constraint is −0.0212 <
ηH < 0.0013, and the 3σ constraint is −0.023 < ηH < 0.007. If we take ηH = −0.009
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and N = 60, we get 1 = 0.0023, ns = 0.968, r = 0.036. Since observations require
that 1 and ηH are both small, so the slow-roll condition is satisfied and this constant-
roll inflation with constant ηH is also a slow-roll inflation. If we use the slow-roll
formulae to fit the observations, the 1σ constraint is −0.014 < ηH < −0.0039, the 2σ
constraint is −0.018 < ηH < 0.0068, and the 3σ constraint is −0.02 < ηH < 0.0168 for
N = 50. For N = 60, the 1σ constraint is −0.018 < ηH < −0.0067, the 2σ constraint
is −0.021 < ηH < 0.0015, and the 3σ constraint is −0.023 < ηH < 0.01. The 2σ and
3σ upper bounds given by the slow-roll formulae are larger than those given by the
constant-roll formulae, so even in the slow-roll regime, the results are not exactly the
same, but the constant-roll formulae (3.20) and (3.21) are more accurate.
3.4 Constant 2T
For the model with constant 2T , from eqs. (2.23) and (2.37) we get
2 = −22T
(
1− 2
3
1
)
, (3.23)
˙2 = −8
3
H22T 1
(
1− 2
3
1
)
. (3.24)
Replacing 2 with 2T by the relation (3.23) and using the result (3.24) for ˙2, to the
first order of 1, we obtain
aH ≈ −1
τ
(
1 +
1
1 + 22T
)
, (3.25)
ν ≈ 1
2
|3− 22T |+ (4
2
2T − 72T + 3)1
|3− 22T |(22T + 1) , (3.26)
µ ≈ 3
2
+
3− 22T
3(1 + 22T )
1. (3.27)
Plugging the results (3.26) and (3.27) into eqs. (2.46) and (2.52), we have
ns ≈ 4− |3− 22T |+ 2(4
2
2T − 72T + 3)1
3|3− 22T |(22T + 1) , (3.28)
r ≈ 23−|3−22T |
(
Γ[3/2]
Γ[|3− 22T |/2]
)2
161. (3.29)
In the slow-roll limit, we get |2T |  1, ns = 1 + 21/3 + 22T .
For constant 2T , from the definition (2.13) and the condition 1(N = 0) = 1, we
derive that
1(N) =
3
exp(−22TN) + 2 . (3.30)
Substituting eq. (3.30) into eqs. (3.28) and (3.29), we express ns and r in terms of N
and 2T . By choosing N = 50 and N = 60, and varying the value of 2T , we plot the
ns-r results for the model with constant 2T along with the Planck 2015 constraints [1]
in figure 1. The green lines denote the results for the model with constant 2T . From
figure 1, we see that the model with constant 2T is excluded by the observations at
the 3σ C.L.
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4 The reconstruction of the potential
From the analysis in the previous section, we see that only the model with constant
ηH is consistent with the observations and it is constrained to be a slow-roll inflation.
In this section, we follow the procedure presented in [64] for the slow-roll inflation to
reconstruct the tachyon potential with constant ηH . Combining eqs. (2.14) and (2.16),
we get
1 ≈ V,N
2V
, (4.1)
where V,N = dV/dN . Substituting eq. (3.22) into (4.1), we obtain
V (N) ≈ V0 |ηH + 2 exp(2ηHN)− 2|
1
2 , (4.2)
and
As ≈ V
24pi21
=
V0|ηH + 2 exp(2ηHN)− 2|
24pi21
. (4.3)
If we take ηH = −0.009, As = 2.2 × 10−9 and N = 60, we get V0 = 1.0386 × 10−9.
From the relation
dT ≈ ±
√
V,N
V
dN, (4.4)
we get
T − T0 ≈
√
2
|ηH |V0
exp(ηHN)
|ηH − 2|3/4 2F1
(
1
2
,
3
4
;
3
2
;
2 exp(ηHN)
2− ηH
)
. (4.5)
If we take ηH = −0.009, As = 2.2× 10−9 and N = 60, we find that the field excursion
is ∆T = T∗ − Tf = 1.76 × 105 and this result is consistent with the lower bound on
the field excursion derived in [64]. Combining eqs. (4.2) and (4.5), we can obtain the
potential V (T ) and the reconstructed potential for ηH = −0.009 is shown in figure
2. From figure 2, we see that V (T ) has a maximum at T = T0 and V (T ) → 0 as
T → 0, this property is consistent with that of the string inspired potential. Because
it is difficult to obtain an analytical expression for N in terms of T from eq. (4.5) in
general, here we give the analytical behavior of V (T ) around T = T0. As T → T0,
from eq. (4.5), we get
e2ηHN ≈ 1
2
|2− ηH |3/2|ηH |V0(T − T0)2. (4.6)
Substituting eq. (4.6) into eq. (4.2), we obtain the potential around T = T0,
V (T ) ≈ |2− ηH |1/2V0
[
1− 1
2
|2− ηH |1/2|ηH |V0(T − T0)2
]
. (4.7)
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ηH =-0.009
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V
/V 0
Figure 2. The reconstructed potential normalized by V0 = 1.0386× 10−9.
5 Conclusions
We introduce four different definitions for the slow-roll parameters. For these four
different constant-roll inflationary models, we derive the analytical expressions for the
scalar and tensor power spectra, the scalar and tensor spectral tilts and the tensor to
scalar ratio to the first order of 1 by using the method of Bessel function approxi-
mation. These results reduce to those for slow-roll inflation if slow-roll conditions are
satisfied. We also use the observational data to constrain the constant-roll inflation-
ary models, and we find that the constant-roll inflationary models with constant 2 or
constant 2T are ruled out by the observations at the 3σ C.L. The model with constant
2H is inconsistent with the observations at the 1σ C.L. The model with constant ηH
is consistent with the observations, and the 1σ constraint is −0.0135 < ηH < −0.0036
if we take N = 50; the 1σ constraint is −0.018 < ηH < −0.006 if we take N = 60.
Since the observational constraints tell us that |ηH |  1, so the slow-roll conditions
are satisfied and the constant-roll inflation is also a slow-roll inflation. Following the
reconstruction procedure for the slow-roll inflation, we reconstruct the tachyon po-
tential for the model with constant ηH . The reconstructed tachyon potential satisfies
the property for the string inspired potential, but the possible origin of the potential
from string theory needs further study. If we choose ηH = −0.009, As = 2.2 × 10−9
and N = 60, we get 1 = 0.0023, ns = 0.968, r = 0.036, V0 = 1.0386 × 10−9 and
∆T = T∗ − Tf = 1.76 × 105. The field excursion for the tachyon is consistent with
the general lower bound. Although ηH is constrained to be small and slow-roll infla-
tion applies, the results for constant-roll inflation are more general and have broad
applications.
– 13 –
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